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Executive Summary 
Microbiologically influenced corrosion (MIC) is metabolic activity of microorganisms that 
results in the degradation of materials including metals and non-metallic materials.i  This type of 
corrosion has been studied since the early 1900’s.  Although MIC has been studied for over a 
century, it not become more understood until the 1990’s when laboratory devices advanced 
allowing more detailed research to be conducted. ii 
MIC has become such a widely studied topic due to its potential health and safety problems, 
environmental concerns, and economic impact.  A wide range of industries including: on/off-shore 
oil and gas industries, marine and shipping industries, nuclear power industry, aviation industry, 
and the sewage industry, are affected by MIC. iii  All of the industries use materials that can be 
dangerous to the people handling them as well as the environment. When MIC takes place, it 
becomes difficult to confine these materials which can result in a broad variety of issues.  In the 
United States alone, over $200 billion is associated with correcting issues that arose from 
corrosion; it is believed that 20% of all corrosion damage is associated with MIC. ii 
Sulfate reducing bacteria (SRB), which is the specific type of bacteria used for this 
experiment, is known for inducing pitting corrosion. iv  Pitting corrosion is localized to a point or 
small area and forms a cavity.i  MIC begins when a biofilm is formed on the surface of the material.  
The creation of the biofilm is the most critical step in SRB induced corrosion.  The biofilm is 
created when organisms attach to the surface of the material and embed themselves.  The biofilm 
reduces oxidized sulfur compounds (such as sulfate and sulfite) into H2S.  It is believed that 
without a biofilm, SRB induced corrosion would be severely reduced. 
 
The purpose of this experiment was to identify if the addition of a rhamnolipid could inhibit 
the growth of a biofilm on the surface of carbon steel coupons and result in less corrosion activity.  
The rhamnolipid used in this experiment is produced by Pseudomonas aeruginosa species.  This 
type of rhamnolipid is recognized for its anti-microbial and anti-fouling properties.   
Seven systems, with varying concentrations of the rhamnolipid were created, to determine, 
if any, the optimum concentration to inhibit biofilm growth.  Of the seven systems, one was a 
negative control and one was a positive control.  The negative control contained no SRB and no 
rhamnolipid while the positive control contained only SRB.  The remaining five systems contained 
250 ppm, 500 ppm, 750 ppm, 1000 ppm, and 1500 ppm of rhamnolipid.  The systems were created 
with optimum physio-chemical environments to promote SRB induced corrosion. 
The seven systems were exposed to the liquid medium for 28 days then analyzed using a 
scanning electron microscope (SEM), infinite focus microscope (IFM), cell protein analysis, 
weight loss analysis, and confocal microscope.  When analyzing the results from IFM, cell 
protein analysis and weight loss analysis, it was determined that the addition of the rhamnolipid 
proved to be effective to a concentration of 750 ppm.  It was seen in all three experiments that as 
the amount of rhamnolipid increased, the amount of corrosion decreased; but above a 
concentration of 750 ppm, the corrosion rate accelerated.  From these tests, it was proved that the 
rhamnolipid did reduce corrosion (to a certain concentration), and 750 ppm is the optimum 
concentration to prevent the formation of a biofilm and therefore reduce corrosion.   
Because 750 ppm was determined to be the optimum concentration, a second experiment 
was then conducted using only a control and a sample containing the optimum concentration of 
rhamnolipid.  The coupons were exposed to liquid medium for 4 days.  Next, the biofilm was 
examined and quantified using the confocal microscope and ImageJ software.  From this 
analysis, it was determined that the control and 750 ppm samples had 2.02 ± 0.70 x 103 cells/ sq. 
mm and 1.84 ± 0.37 x 102 cells/ sq. mm, respectively, present on the surface of the coupon.  This 
showed that rhamnolipid at concentration of 750 ppm can reduce the bacterial attachment on 
surface by approximately 92%. 
This series of tests not only proved that the rhamnolipid can reduce the formation of a 
biofilm which results in less corrosion to the coupon but also proved that 750 ppm is the 
optimum concentration.  With this in mind, future work would include extensive testing of 
coupons exposed to liquid medium with the optimum concentration of rhamnolipid.  Tests 
should be performed for longer period of time to determine the long term effects of the 
rhamnolipid. 
 I have completed 5 co-ops with the J.M. Smucker Company all in large scale, plant 
settings.  Many of experiments I conducted while working in Dr. Ju’s lab required a lot of 
accuracy because I was working with materials in the quantity of microliters.  Before working in 
Dr. Ju’s lab, I had never had much experience working in that type of setting or experience using 
microscopes.  From performing this research, I have gained technical experience with precision 
and accuracy in a lab. 
  
Background 
Microbiologically influenced corrosion (MIC) is metabolic activity of microorganisms that 
results in the degradation of materials including metals and non-metallic materials.  MIC is also 
known as: microbiologically induced corrosion, microbial corrosion and biological corrosion.iii   
MIC was first discovered in the late 1800’s but was not actually identified and studied until 
the 1920-1960’s.  In this time frame, many theories that explained MIC were developed and the 
first failure of underground piping due to MIC was discovered (1931).  In the years between 1923 
and 1940, Starkey and Wight theorized that redox (reduction/oxidation) potential was the most 
reliable indication of MIC.  In 1934, Von Wolzogon and Van der Vlugt not only proposed the first 
electrochemical interpretation of MIC but also provided significant evidence of corrosion activity 
due to sulfate reducing bacteria (SRB).ii    
Most of the research in the 1960’s and 1970’s contributed to testing and validating theories 
that were recently developed in earlier years.  The real boom in MIC studies occurred in the 1980’s 
because communication developed among various disciplines such as metallurgy, material 
science, microbiology and chemistry.  The communication across disciplines resulted in increased 
quantity and quality of experiments and research of MIC.  The 1990’s and later years are 
responsible for laboratory and field assessment improvements due to development and advances 
of new technologies such as scanning electron microscopy (SEM), electron dispersion microscopy 
(EDS), etc.ii 
MIC has the capability to cause detrimental effects on the equipment used by various 
industries.  On/off-shore oil and gas industries are vulnerable to corrosion in their handling 
systems.  The marine and shipping industry has been susceptible to accelerated damage to ships 
and barges due to MIC.  In the nuclear power industry, MIC effects the confinement of radio 
elements in nuclear waste.  Aviation industries are subjected to the effects of MIC because 
microorganisms which are found in jet fuel cause microbial corrosion in aircraft fuel systems.  
Sewage industries also experience MIC in underground sewer networks.iii 
Many decades of research have been dedicated to this topic due to the possible health and 
safety problems, environmental concerns, and economic impact. All of the industries that suffer 
from MIC utilize materials that are dangerous to the environment.  MIC affects companies’ ability 
to properly confine these materials which can lead to various environmental disasters such as 
pollution to marine areas, shorelines, etc.  Pollution to any of these areas can result in mass killing 
of fish, marine life, and any other life present.  In the United States alone, over $200 billion is 
associated with fixing problems that arose from corrosion; it is believed that 20% of all corrosion 
damage is associated with MIC.ii 
Introduction  
Carbon and stainless steel, aluminum, iron, and their alloys are all vulnerable to MIC with 
the proper physio-chemical environment.  Conditions such as oxygen concentration, temperature, 
and acidity are variables which impact the growth of particular microorganisms. iii 
Bacteria which can initiate MIC can be grouped by their ability to survive with or without 
oxygen.  Bacteria that depend on oxygen are known as aerobes while bacteria that are killed by 
oxygen are known as obligate anaerobes.  Some microorganisms have the capability to survive in 
both conditions.  Examples of anaerobic bacteria include:  sulfate-reducing bacteria (SRB), sulfur-
oxidizing bacteria, iron-oxidizing/reducing bacteria, and manganese-oxidizing bacteria. iv  
MIC most often occurs in water (fresh or salt) or soil.  In order for MIC to take place, 
specific temperature and acidity levels are required.  The bacteria can also be grouped by the 
temperature in which they thrive.  Some bacteria thrive between 20 and 35oC while other thrive 
above 40oC; these are known as mesophile and thermophile, respectively.  The optimum pH for 
MIC is between 4 and 9.iii 
MIC is known for causing pitting, a type of corrosion that is localized to a point or small 
area and forms a cavity.v The corrosion takes place due to the formation of a biofilm.  The creation 
of the biofilm is the most crucial step in SRB induced corrosion.  The biofilm is created when 
organisms attach to the surface of the material and embed themselves.  Corrosion occurs by 
reducing oxidized sulfur compounds (such as sulfate and sulfite) into H2S.
iv  It is believed that 
without bacterial attachment, SRB induced corrosion would be severely decreased. 
The purpose of this experiment is to evaluate the effectiveness of the addition of a 
rhamnolipid (Rhl) on the bacterial adhesion and biofilm formation on carbon steel.  A rhamnolipid 
acts as a bio-surfactant and corrosion inhibitor.  It is hypothesized that if the corrosion inhibitor is 
added to the system, the biofilm formation will be slowed or stopped completely resulting in less 
(or no) corrosion to the surface of the metal.   
The rhamnolipid used in this experiment is produced by P. aeruginosa species which is 
synthesized in Dr. Ju’s Lab.  This type of rhamnolipid is recognized for its anti-microbial and anti-
fouling properties.  All experiments used carbon steel coupons that were submerged in a salt water 
medium. SRB was the microorganism used which implies that all experiments were run under 
anaerobic conditions.  All vials were normalized to a pH of 7 and kept at room temperature (20-
25oC). 
Experimental Methods 
The scope of this experiment included preparing and sterilizing the carbon steel coupons 
and medium, preparing the sample, and analysis.  Analysis techniques included: spectroscopy, 
confocal microscope, infinite focus microscopy, scanning electron microscopy, electron dispersion 
spectroscopy, and cell protein analysis.  All samples were stored in medium for 28 days at room 
temperature.   
Seven different environments were tested, each with a duplicate, by varying the 
concentration of the rhamnolipid.  A total of 14 samples were created and monitored.  The samples 
are described in detail in the table below. 
Table 1: Description of coupon systems 
Coupon Number Description 
1 & 2 Negative control – no SRB or  Rhl 
3 & 4  Positive control – 3 mL SRB, 0 ppm Rhl 
5 & 6 3 mL SRB, 250 ppm Rhl 
7 & 8 3 mL SRB, 500 ppm Rhl 
9 & 10 3 mL SRB, 750 ppm Rhl 
11 & 12 3 mL SRB, 1000 ppm Rhl 
13 & 14 3 mL SRB, 1500 ppm Rhl 
 
Coupon Preparation 
Throughout the experiments, carbon steel were studied.  The coupons were cut to 
dimensions of 1cm x 3cm then polished by hand using 400, 600, and 1400 grit sandpaper.  The 
coupons were then engraved with their respective number which can be seen in the figure below.  
The coupons were initially rinsed with de-ionized water then placed in a vial containing pure 
ethanol and allowed to soak for 24 hours.  The vials containing the coupon and ethanol were 
sonicated for 1 hour prior to starting the experiment to remove all gas bubbles from the surface of 
the coupon.  This is a vital step to ensure the entire surface of the coupon has been properly wetted 
by ethanol to ensure sterilization.   
 
Figure 1: Imagine of engraving on Coupon number 12 
Medium Preparation 
Postgate C medium was prepared using the composition seen in Table 2. 
Table 2: Composition of Postgate C medium in 1 L of water 
Chemical Amount (grams) 
Sodium pyruvate 6.0 
Na2SO4 4.5 
NH4Cl 1.0 
KH2PO4 0.5 
Sodium Citrate dehydrate 0.3 
MgSO4
.7H2O 0.06 
CaCl2
.2H2O 0.04 
FeSO4
.7H2O 0.004 
Yeast Extract 1.0 
 
Once the medium was prepared, the pH was adjusted to neutral, 7, by adding NaOH or 
HCl.  The medium, serum vials and rubber stoppers were then autoclaved at 121oC for 30 minutes 
for sterilization.   
Because SRB growth requires anaerobic conditions, a cysteine stock solution was used in 
experimentation.  The cysteine solution was added to the medium prior to introducing SRB cells 
because it acts as an oxygen scavenger.  The 2 g/L cysteine solution was also autoclaved before 
being introduced to the system.   
Sample Preparation 
Thirty milliliters of Postgate C was added to an autoclaved vial containing a sterile coupon.  
The vial was capped using a sterile butyl rubber stopper and crimped with an aluminum seal.  Pure 
nitrogen gas was purged through the vial for 30 minutes to remove nearly all the oxygen.  The 
cysteine solution was then added to the vial to achieve a final concentration of 0.002 g/L.  Finally, 
the SRB solution and rhamnolipid were added to the anoxic Postgate C medium.  This entire 
process was completed under a laminar hood.  The samples were then stored for 28 days in order 
to observe the effects of the SRB growth, biofilm and pitting corrosion. Figure 2 shows the 
completed samples. 
 Figure 2: Image of completed samples 
Analysis using Spectroscopy 
Liquid was withdrawn from the vial periodically and analyzed to determine the 
concentration of live SRB cells in the medium.  1 mL of solution was removed from the vial and 
centrifuged in order to separate the cells and medium.  The medium was then removed from the 
vial leaving only the cell pallet which was then diluted with 1 mL of water.  The sample was then 
placed in a UV-Vis Spectrophotometer (Model 1601, Shimadzu Corp., Canby, OR) to measure the 
absorbance at a wavelength of 600 nm.  This measured absorbance value can be used to determine 
the concentration of live cells. 
Analysis using Confocal Microscope 
The confocal microscope was used to observe the biofilm that forms on the surface of the 
coupon.  The surface of the coupon was stained using a Live/Dead® BacLight Bacterial Viability 
Kit (Invitrogen Detection Technologies).  This kit utilizes two nucleic acid strains: green 
fluoroscent STYO® stain and red-fluorescent propidium iodide stain.  These stains differentiate 
the live and dead cells under the microscope by transmitting the color green indicating live cells 
and the color red indicating dead cells.  
Aluminum Seal 
 
 
 
 
             Coupon 
Rubber Stopper 
Vial 
To prepare the stain solution, 0.6 µL of both STYO® and propidium iodide were mixed 
with 200 µL of de-ionized water.  The coupon was then carefully removed from the vial being 
cautious not to damage the biofilm and placed in a petri dish.  The strain was applied to the surface 
of the coupon and allowed to soak for 15 minutes.  During the 15 minute soaking period, the petri 
dish was wrapped in aluminum foil to avoid light exposure to the surface of the coupon. Finally, 
the SRB biofilm was examined under Olympus FluoView FV1000 confocal microscope. 
Analysis using Infinite Focus Microscopy 
The Infinite Focus Microscopy (IFM) was used to examine pit depth and distribution on 
the surface of the coupon.  To prepare the coupon for IFM analysis, the coupon was first placed in 
a vial containing Clark’s reagent to remove any corrosion products present on the surface. This 
step is vital to obtain accurate measurements of pit depth and surface roughness.  Clark’s reagent 
consists of 50 g/L Sb2O3 and 25 g/L SnCl2 in 30% HCl.   
When using IFM, the samples were divided into eight equal parts.  The surface parameters 
for each section were recorded and used to analyze the whole sample.  The surface parameters 
used in this study were: 
Spk: mean height of the peaks above the core material (μm) 
Svk: mean depth of the valley below the core material (μm) 
Sk: height of the core material (μm) 
Sv: maximum depth of valleys below the core material (μm) 
Sdr: developed interfacial area ratio (%) 
Vvv: valley void volume of the surface (μL/m2) 
A graphical explanation of these parameters can be observed in Figure 3.   
 
Figure 3:  Graphical representation of results obtainable from using IFM. 
Analysis using Scanning Electron Microscopy and Energy Dispersive Spectroscopy 
Energy Dispersive Spectroscopy (EDS) was used in conjunction with the Scanning 
Electron Microscope (SEM) to determine the composition of the coupon as well as examine the 
surface texture of the coupon at various magnifications.  Due to the chemical differences between 
carbon and stainless steel, this microscope was used to determine which type of sample is being 
analyzed. 
Cell Protein Analysis 
The purpose of this analysis method was to determine the cell protein concentration for 
each sample.  First, a calibration curve was created using bovine serum albumin (BSA) at different 
concentrations combined with dye.  The concentrations for the calibration curve are: 0.1, 0.3, 0.6, 
0.8, and 1.0 g/L.  The absorbance of the samples were then measured to create a plot of absorbance 
versus concentration.   
To prepare samples of the medium, 1 mL of medium was draw from the anaerobic vial and 
placed into a micro-centrifuge tube and centrifuged at 8000 RPM for 10 minutes. The liquid was 
then removed, leaving only the cell pallet.  The cell pallet was then combined with 1 mL of water, 
vortexed and centrifuged.  This was repeated two additional times to ensure all supernatants were 
removed from the solids.  Next, 1 mL of 0.2 M NaOH was added to the cell pallet and cooked at 
100oC using a heating block with sand.  After 20 minutes, the samples were removed from heat 
and allowed to cool to room temperature.  Next, 10 µL of sample and 200 µL of diluted dye reagent 
were placed into the plate well, which makes 3 wells per sample.  Finally, absorbance was 
determined using a microplate reader.  The concentration was calculated using the calibration 
curve. 
Data and Results  
Various methods were used to analyze the experiment in order to gauge the success of the 
rhamnolipid as a corrosion inhibitor.  In the sections below, results will be given for the following 
analysis methods: Scanning Electron Microscope, Weight Loss Analysis, Infinite Focus 
Microscope, Cell Protein Analysis, and Confocal Microscope. 
Scanning Electron Microscope (SEM) and Energy Dispersive Spectroscopy (EDS) 
First, the SEM and EDS were utilized to ensure that the material being used for the process 
was carbon steel.  Carbon steel can be identified by examining the components which make up the 
material.  Common materials found in steel consist of iron (Fe), carbon (C), chromium (Cr), Nickle 
(Ni), and Oxygen (O).  Carbon Steel can be identified because of it’s high concentration of iron 
(>95%) and low concentration of carbon. Figure 4 shows the chemical make-up of the material 
used in this experiment.  
 
Figure 4: Chemical composition of material used throughout experiments. 
The SEM was also used to examine the surface of the coupons both before and after being 
submerged in a liquid medium for 28 days. Figure 5 shows the smooth surface of a coupon before 
being exposed to SRB. 
 
Figure 5: Imagine of carbon steel coupon surface using SEM before being exposed to SRB. 
The figures below show the effects of SRB induced corrosion on the surface of the carbon steel 
coupon.  The samples were in the liquid medium containing SRB for 28 days. 
 
Figure 6: Imagine of the surface of the positive control coupon using SEM.  The coupon has a large pit 
after being exposed to SRB for 28 days. 
 
Figure 7: Imagine of the surface of the 750 ppm coupon using SEM.  The coupon has a cluster of small 
pits after being exposed to SRB for 28 days 
 
Infinite Focus Microscope (IFM) 
Similar to SEM, the IFM was used both before and after immersion to study the surface 
texture of the coupons.  Before being exposed to SRB, the coupons were scanned using IFM to 
ensure that the surface does not have any deep pits or deformations.  After being immersed for 28 
days, the coupons were re-examined to estimate the extent of corrosion. 
The maximum pit depth (MPD) can be found using the equation: vi 
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑃𝑖𝑡 𝐷𝑒𝑝𝑡ℎ = 0.96 × (𝑆𝑣 + 𝑆𝑘) 
The maximum pit depth was calculated using the Sk and Sv values obtained from the IFM.  
The negative control, which contained no SRB or rhamnolipid, has a MPD of 18.02 µm; the 
positive control, which contained SRB but no rhamnolipid, has a MPD of 33.67 µm.  From 0 ppm 
to 750 ppm, the MPD steadily decreased.  The system which contained 750 ppm has a MPD very 
close to that of the negative control implying that the addition of the rhamnolipid can reduce the 
amount of corrosion.  Because the MPD began to increase after 750 ppm, a maximum 
concentration of rhamnolipid to be effective exists.  Figure 8 shows this trend.  Because all of the 
coupons were polished by hand, pits existed on the surface prior to experimentation.  This explains 
why the negative control does not have an even surface when it was not exposed to corrosive 
inducing materials. 
 
Figure 8: Maximum pit depth after immersion in liquid medium for 28 days 
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The percentage of pitted area can be calculated using the equation: vi  
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑃𝑖𝑡𝑡𝑒𝑑 𝐴𝑟𝑒𝑎 =  
𝑆𝑣𝑘 × 𝑉𝑣𝑣
𝑆𝑑𝑟
 
According to Chen and Ju, if the percentage of pitted area (P% area) is less than 1.7%, few 
or no micro-pits are present on the surface; if the percentage of pitted area is greater than 2.2%, 
many micro-pits or shallow pits exist on the surface.  Any values between 1.7and 2.2% are in the 
transition phase meaning the surface may contain micro-pits or shallow pits.   
The negative control, which contains no SRB or rhamnolipid, had a P% area of 2.09 
meaning there was a potential for micro-pits on the surface.  The positive control, which contained 
SRB, had a P% area of 3.4 meaning many micro-pits or even shallow pits existed.  The P% area 
for the system containing 750ppm was 1.74 meaning the change for micro-pits was very small.  
As the concentration increased above 750ppm, many micro-pits or shallow pits are present on the 
surface.  These results can be seen in the table below. 
Table 3: Percentage of pitted area for various concentrations of  
rhamnolipid. The value below shows the average of the two coupons. 
 
Cell Protein Analysis 
Analysis of cell protein concentration can be completed utilizing absorbance.  A calibration 
curve (which can be seen in the Appendix) was created using standard solutions of Bovine Serum 
Albumin (BSA).  This curve enabled the capability to convert absorbance of medium to 
Sample Pitted Area (%)
Negative Control 2.09 ± 0.817
Positive Control 3.4 ± 0.822
250ppm 2.08 ± 0.499
750ppm 1.74 ± 0263
1000ppm 2.83 ± 0.684
1500ppm 6.31 2.231
concentration of protein.  Figure 10 shows that as the concentration of rhamnolipid increases from 
0 to 750 ppm, the concentration of cell protein decreases to almost zero.  After 750 ppm, the 
concentration of cell protein greatly increases.  The numbers on the figure below reflect the cell 
protein concentration present in the liquid medium. 
 
Figure 9: Rhamnolipid effect on cell protein concentration after 28 days. 
Weight Loss Analysis 
The weight of each coupon was measured both before and after the experiment.  Using 
those values, percent weight loss was found using the equation: 
% 𝑊𝑒𝑖𝑔ℎ𝑡 𝐿𝑜𝑠𝑠 =  
(𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡)
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
× 100 
Table 4 shows the averaged weight loss per sample type.  The results from the weight loss analysis 
mirrored those from IFM and cell protein analysis.  The negative control has the lowest percent of 
weight loss, as expected, because it was not exposed to any bacteria.  The positive control has a 
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very high weight loss percentage because it was exposed to SRB but no rhamnolipid.  The weight 
loss percentage decreased in the 250 ppm through 750 ppm samples with 750 ppm being the 
lowest.  After 750 ppm, the weight loss percentage greatly increased.  For the 750 ppm system, 
only one coupon weight was measured post-submersion which is the reason for no standard 
deviation. 
Table 4: Percent weight loss for each sample type.  
 
Further Analysis on 750 ppm Concentration 
Because the results from IFM, cell protein analysis, and weight loss analysis imply that 
750 ppm rhamnolipid produce the optimized results, further testing at this concentration was 
completed.  Two systems were created with 0 ppm rhamnolipid (as the control) and 750 ppm 
rhamnolipid.  The coupons were only exposed to liquid medium for 4 days and then the biofilm 
was examined using the Confocal Microscope.  The images below show the viable sessile cells 
(illustrated by the green fluorescent light under the confocal microscope).  The images were used 
in conjunction with ImageJ software to quantify the bacterial attachment in terms of SRB 
cells/mm2.  Because the exposure period to SRB was only 4 days, the biofilm is in its initial stages 
of development and the cells are well dispersed and distinctly seen which allows us to quantify the 
number of bacterial cells per unit area.  
Sample Weight Loss (%)
Negative Control 0.61% ± 0.158
Positive Control 1.31% ± 0.476
250ppm 0.93% ± 0.086
500ppm 1.00% ± 0.036
750ppm 0.70%
1000ppm 1.10% ± 0.182
1500ppm 1.32% ± 0.730
Eight different regions of area 6.03 mm2 were chosen on each coupon and observed under 
confocal microscope at 1200x magnification.  Each of the microscopic image is quantified using 
ImageJ software by using the ITCN plugin to count the individual cells. It was seen that in control 
system, 2.02 ± 0.70 x 103 cells/ sq. mm were present on the surface of stainless steel coupon 
whereas in the presence of 750 ppm rhamnolipid, there were 1.84 ± 0.37 x 102 cells/ sq. mm. This 
showed that rhamnolipid at concentration of 750 ppm can reduce the bacterial attachment on steel 
surface considerably. Figures 11-14 show both 2D and 3D images of the biofilm on the surface of 
the coupons. 
 
Figure 10: 2D view of bacteria attachment on the surface of a coupon immersed in 750 ppm rhamnolipid 
 
  
Figure 11: 2D view of bacteria attachment on the surface of a coupon immersed in 0 ppm rhamnolipid 
 
Figure 12: SRB attachment on a coupon immersed in liquid medium containing 750 ppm rhamnolipid 
 Figure 13: SRB attachment on a coupon immersed in liquid medium containing 0 ppm rhamnolipid 
 
Discussion and Analysis 
The objective of this experiment was to verify the hypothesis that a rhamnolipid acts as a 
corrosion inhibitor.  From proving this hypothesis correct, it was determined that the formation of 
the biofilm was decreased causing less corrosion take place. To ensure accurate results could be 
obtained, duplicates of each system were created and analyzed.  All data was averaged between 
the two systems and standard deviations were calculated and provided on all graphs.   
From the Scanning Electron Microscope and Energy Dispersive Spectroscopy, it was 
confirmed that carbon steel was being used for this experiment.  The Infinite Focus Microscope, 
cell protein analysis and weight loss analysis all suggested that the rhamnolipid decreased 
corrosion between concentrations of 250 ppm to 750 ppm but accelerated corrosion above a 
concentration of 1000 ppm.  All three analysis techniques identified 750 ppm as the optimum 
concentration due to the smallest maximum pit depth, smallest percentage of pitting area, lowest 
cell protein concentration, and lowest weight loss percentage observed at this concentration of 
rhamnolipid.   
Due to the results from IFM, cell protein analysis, and weight loss analysis, further testing 
was performed at 750 ppm concentration.  The results from this test reiterated that the rhamnolipid 
inhibited the growth of the biofilm according to images obtained from the confocal microscope.  
In conclusion, a rhamnolipid can act as a corrosion inhibitor up to concentrations of 750 
ppm; above this concentration, corrosion is accelerated.  A concentration of 750 ppm proves to be 
the optimum concentration from multiple analysis techniques.  Further testing should be completed 
at this concentration to confirm repeatability and better understand this theory.  
Appendices 
Weight Loss Analysis 
The only calculation performed in this type of analysis is percent weight loss.  The percent 
weight loss is calculated using the following equation: 
𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑊𝑒𝑖𝑔ℎ𝑡 𝐿𝑜𝑠𝑠 =  
(𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 − 𝐹𝑖𝑛𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡)
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
× 100 
Infinite Focus Microscope 
The raw data and calculations associated with this type of analysis can be seen below.  The 
equations used to calculate maximum pit depth and percentage of pitting area can be seen in the 
“Data and Results” section. 
 Maximum Pit Depth (MPD) Raw Data: 
 
 
Negative Control: 
#1  
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 12.3091 2.3447 14.6538 14.07 
2 13.4894 2.5279 16.0173 15.38 
3 6.4463 2.2409 8.6872 8.34 
4 8.8313 2.2744 11.1057 10.66 
5 16.6706 2.0973 18.7679 18.02 
6 6.346 2.2532 8.5992 8.26 
7 8.9405 1.9862 10.9267 10.49 
8 8.581 2.2532 10.8342 10.40 
     
#2  
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 10.6094 2.3447 12.9541 12.44 
2 12.1216 2.5279 14.6495 14.06 
3 13.3645 2.2409 15.6054 14.98 
4 13.1508 2.2744 15.4252 14.81 
5 12.8443 2.0973 14.9416 14.34 
6 14.1713 2.2532 16.4245 15.77 
7 9.656 1.9862 11.6422 11.18 
8 12.824 2.2532 15.0772 14.47 
     
Negative Control    
Average MPD from 16 
scanned areas 12.98    
St. Dev. 2.808532    
Largest MPD from two 
coupons 18.02    
 
 
 
 
 
Positive Control: 
#3 
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 5.7886 1.9502 7.7388 7.43 
2 4.6894 1.6731 6.3625 6.11 
3 5.96 1.7863 7.7463 7.44 
4 12.5185 2.2499 14.7684 14.18 
5 18.8133 2.3289 21.1422 20.30 
6 11.2658 2.023 13.2888 12.76 
7 21.9254 2.0748 24.0002 23.04 
8 7.8281 1.8318 9.6599 9.27 
9 10.9288 1.8668 12.7956 12.28 
     
#4 
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 7.9698 1.8107 9.7805 9.39 
2 8.2675 1.7898 10.0573 9.66 
3 7.283 2.0368 9.3198 8.95 
4 11.4835 1.8373 13.3208 12.79 
5 11.381 1.8044 13.1854 12.66 
6 8.6928 1.8998 10.5926 10.17 
7 9.719 1.995 11.714 11.25 
8 33.0557 2.0125 35.0682 33.67 
9 17.087 2.0126 19.0996 18.34 
     
Postive Control    
Average MPD 
from 18 scanned 
areas 13.31    
St. Dev. 6.795494    
Largest MPD from 
two coupons 33.67    
 
 
 
 
250 ppm System: 
#5 
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 11.1023 1.6053 12.7076 12.20 
2 18.7652 1.3371 20.1023 19.30 
3 11.0626 1.3672 12.4298 11.93 
4 14.1696 1.4343 15.6039 14.98 
5 9.1116 1.8729 10.9845 10.55 
6 14.7345 1.7275 16.462 15.80 
7 12.5118 1.6341 14.1459 13.58 
8 11.0694 1.4103 12.4797 11.98 
9 25.679 1.45 27.129 26.04 
     
#6 
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 12.9242 1.7188 14.643 14.06 
2 11.7317 1.826 13.5577 13.02 
3 15.2475 1.7271 16.9746 16.30 
4 14.3804 1.7958 16.1762 15.53 
5 11.2915 1.5713 12.8628 12.35 
6 17.1323 1.6926 18.8249 18.07 
7 13.2575 1.6227 14.8802 14.28 
8 12.2496 1.5225 13.7721 13.22 
     
     
250 ppm System    
Average MPD from 
17 scanned areas 14.89    
St. Dev. 3.674706    
Largest MPD from 
two coupons 26.04    
 
 
 
500 ppm System: 
# 7  
Sr. No.  Sv  Sk  Sv + Sk  
Max pit 
depth 
1 10.3487 1.8744 12.2231 11.73 
2 18.2298 2.0973 20.3271 19.51 
3 15.3814 1.5443 16.9257 16.25 
4 24.7011 1.6854 26.3865 25.33 
5 22.1765 2.191 24.3675 23.39 
6 17.1536 1.6469 18.8005 18.05 
7 21.4533 2.7397 24.193 23.23 
8 14.8551 1.8362 16.6913 16.02 
     
# 8      
Not scanned       
Use # 7 as duplicate      
  
     
500ppm System    
Average MPD from 8 
scanned areas 19.19    
St. Dev. 4.587778    
Largest MPD from 
coupon 25.33    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
750 ppm System: 
  
 
 
 
 
 
 
 
 
 
 
 
 
# 9  
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 12.6719 1.5028 14.1747 13.61 
2 16.0391 1.4871 17.5262 16.83 
3 12.1409 1.3895 13.5304 12.99 
4 10.7159 1.3243 12.0402 11.56 
5 5.7294 1.2714 7.0008 6.72 
6 8.0285 1.3451 9.3736 9.00 
7 5.426 1.4347 6.8607 6.59 
8 6.8648 1.2713 8.1361 7.81 
     
# 10 
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 7.7589 1.9233 9.6822 9.29 
2 11.7906 1.9059 13.6965 13.15 
3 7.1043 1.5776 8.6819 8.33 
4 8.294 1.6472 9.9412 9.54 
5 8.5433 1.8082 10.3515 9.94 
6 7.4253 1.886 9.3113 8.94 
7 4.5851 1.4348 6.0199 5.78 
8 6.0577 1.6138 7.6715 7.36 
     
     
     
750ppm System    
Average MPD 
from 16 scanned 
areas 9.84    
St. Dev. 3.033584    
Largest MPD from 
two coupons 16.83    
 
 
 
 
1000 ppm System: 
# 11 
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 10.3497 1.6476 11.9973 11.52 
2 9.85 1.5146 11.3646 10.91 
3 11.1343 1.5812 12.7155 12.21 
4 9.7406 1.5947 11.3353 10.88 
5 10.6184 1.6243 12.2427 11.75 
6 9.6131 1.7576 11.3707 10.92 
7 9.3032 1.5484 10.8516 10.42 
8 11.4717 1.4782 12.9499 12.43 
     
  
 
 
 
 
 
1500 ppm System: 
# 13     
Not scanned       
Use # 14 as duplicate 
     
1500ppm system has only one coupon for 
comparison 
     
     
# 14 
Sr. No.  Sv  Sk  Sv + Sk  Max pit depth 
1 19.0498 2.4922 21.542 20.68 
2 19.2463 2.666 21.9123 21.04 
# 12 
Sr. No. Sv  Sk  Sv + Sk  Max pit depth 
1 14.5184 1.963 16.4814 15.82 
2 10.7056 1.8512 12.5568 12.05 
3 13.8822 1.8947 15.7769 15.15 
4 9.0989 1.8659 10.9648 10.53 
5 10.001 1.9669 11.9679 11.49 
6 12.4695 1.9042 14.3737 13.80 
7 11.7084 1.9376 13.646 13.10 
8 20.4237 1.8919 22.3156 21.42 
     
1000ppm System    
Average MPD 
from 16 scanned 
areas 12.77    
St. Dev. 2.795463    
Largest MPD from 
two coupons 21.42    
3 19.4144 2.5416 21.956 21.08 
4 32.732 2.8179 35.5499 34.13 
5 20.3561 2.5338 22.8899 21.97 
6 23.3534 2.9852 26.3386 25.29 
7 23.6271 2.2061 25.8332 24.80 
8 20.6302 2.4247 23.0549 22.13 
9 34.6321 1.6121 36.2442 34.79 
     
1500ppm System    
Average MPD from 
9 scanned areas 25.10    
St. Dev. 5.549931    
Largest MPD from 
coupon 34.79    
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Percentage of Pitting Area Raw Data: 
 
Sr. No. Svk Svk Sdr Sk Sv Vvv Sv+ Sk Sdr/ Vvv % P area Max pit Avg. pit 
1 1.313 1.313 0.331 1.987 12.309 0.119 14.296 2.782 3 13.7 9.5
2 1.182 1.182 0.224 1.711 13.489 0.106 15.201 2.114 4 14.6 8.7
3 680.917 0.681 0.184 1.525 6.446 0.072 7.971 2.565 2 7.7 9.2
4 617.846 0.618 0.136 1.339 8.831 0.065 10.170 2.087 2 9.8 8.7
5 780.100 0.780 0.187 1.623 16.671 0.081 18.294 2.302 2 17.6 8.9
6 670.821 0.671 0.167 1.441 6.346 0.071 7.787 2.348 2 7.5 9.0
7 958.338 0.958 0.201 1.690 8.941 0.091 10.630 2.208 3 10.2 8.8
8 832.564 0.833 0.197 1.700 8.581 0.084 10.281 2.347 2 9.9 9.0
1 1.691 1.691 0.400 2.345 10.609 0.149 12.954 2.676 4 12.4 9.4
2 1.812 1.812 0.558 2.528 12.122 0.161 14.650 3.473 3 14.1 10.3
3 1.683 1.683 0.391 2.241 13.365 0.151 15.605 2.583 4 15.0 9.3
4 1.606 1.606 0.425 2.274 13.151 0.145 15.425 2.938 4 14.8 9.7
5 1.782 1.782 0.412 2.097 12.844 0.157 14.942 2.632 4 14.3 9.3
6 2.007 2.007 0.404 2.253 14.171 0.177 16.425 2.286 6 15.8 8.9
7 1.540 1.540 0.399 1.986 9.656 0.139 11.642 2.882 4 11.2 9.6
8 1.789 1.789 0.401 2.253 12.824 0.158 15.077 2.543 5 14.5 9.2
1 765.677 0.766 0.264 1.950 5.789 0.088 7.739 3.011 2 7.4 9.8
2 688.798 0.689 0.226 1.673 4.689 0.078 6.363 2.911 2 6.1 9.6
3 981.023 0.981 0.245 1.786 5.960 0.099 7.746 2.474 3 7.4 9.1
4 1.410 1.410 0.432 2.250 12.519 0.132 14.768 3.264 3 14.2 10.0
5 1.611 1.611 0.419 2.329 18.813 0.148 21.142 2.837 4 20.3 9.5
6 1.207 1.207 0.322 2.023 11.266 0.117 13.289 2.760 3 12.8 9.5
7 1.624 1.624 0.346 2.075 21.925 0.140 24.000 2.477 4 23.0 9.1
8 926.172 0.926 0.285 1.832 7.828 0.094 9.660 3.044 2 9.3 9.8
9 989.948 0.990 0.273 1.867 10.929 0.096 12.796 2.831 2 12.3 9.5
1 757.211 0.757 0.256 1.811 7.970 0.082 9.781 3.140 2 9.4 9.9
2 679.447 0.679 0.236 1.790 8.268 0.077 10.057 3.077 1 9.7 9.8
3 784.159 0.784 0.553 2.037 7.283 0.086 9.320 6.396 1 8.9 13.7
4 750.056 0.750 0.438 1.837 11.484 0.082 13.321 5.334 1 12.8 12.5
5 812.412 0.812 0.362 1.804 11.381 0.084 13.185 4.324 1 12.7 11.3
6 788.543 0.789 0.312 1.900 8.693 0.087 10.593 3.601 1 10.2 10.4
7 919.161 0.919 0.269 1.995 9.719 0.096 11.714 2.816 2 11.2 9.5
8 978.729 0.979 0.316 2.013 33.056 0.100 35.068 3.157 2 33.7 9.9
9 915.623 0.916 0.299 2.013 17.087 0.094 19.100 3.184 2 18.3 10.0
Negative 
Control
Positive 
Control
1
2
3
4
 1 1.163 1.163 0.224 1.605 11.102 0.108 12.708 2.083 4 12.2 8.7
2 658.144 0.658 0.165 1.337 18.765 0.066 20.102 2.499 2 19.3 9.2
3 717.104 0.717 0.170 1.367 11.063 0.072 12.430 2.378 2 11.9 9.0
4 682.354 0.682 0.176 1.434 14.170 0.072 15.604 2.452 2 15.0 9.1
5 1.090 1.090 0.224 1.873 9.112 0.106 10.985 2.110 3 10.5 8.7
6 818.465 0.818 0.228 1.728 14.735 0.087 16.462 2.625 2 15.8 9.3
7 952.390 0.952 0.181 1.634 12.512 0.096 14.146 1.878 3 13.6 8.4
8 706.052 0.706 0.192 1.410 11.069 0.073 12.480 2.646 2 12.0 9.3
9 720.189 0.720 0.189 1.450 25.679 0.074 27.129 2.553 2 26.0 9.2
1 674.059 0.674 0.187 1.719 12.924 0.076 14.643 2.460 2 14.1 9.1
2 692.963 0.693 0.219 1.826 11.732 0.080 13.558 2.747 2 13.0 9.4
3 790.151 0.790 0.228 1.727 15.248 0.083 16.975 2.741 2 16.3 9.4
4 766.401 0.766 0.254 1.796 14.380 0.085 16.176 2.979 2 15.5 9.7
5 848.869 0.849 0.231 1.571 11.292 0.084 12.863 2.751 2 12.3 9.4
6 713.219 0.713 0.222 1.693 17.132 0.079 18.825 2.823 2 18.1 9.5
7 652.397 0.652 0.252 1.623 13.258 0.072 14.880 3.490 1 14.3 10.3
8 643.586 0.644 0.197 1.523 12.250 0.070 13.772 2.832 2 13.2 9.5
1 707.602 0.708 0.167 1.503 12.672 0.073 14.175 2.278 2 13.6 8.9
2 1.176 1.176 0.282 1.487 16.039 0.105 17.526 2.689 3 16.8 9.4
3 560.801 0.561 0.139 1.390 12.141 0.062 13.530 2.228 2 13.0 8.8
4 540.998 0.541 0.142 1.324 10.716 0.060 12.040 2.354 2 11.6 9.0
5 459.870 0.460 0.125 1.271 5.729 0.054 7.001 2.312 1 6.7 8.9
6 530.721 0.531 0.125 1.345 8.029 0.060 9.374 2.094 2 9.0 8.7
7 538.236 0.538 0.151 1.435 5.426 0.062 6.861 2.447 1 6.6 9.1
8 473.072 0.473 0.116 1.271 6.865 0.055 8.136 2.106 1 7.8 8.7
1 781.825 0.782 0.279 1.923 7.759 0.089 9.682 3.134 2 9.3 9.9
2 801.266 0.801 0.264 1.906 11.791 0.090 13.697 2.949 2 13.1 9.7
3 643.131 0.643 0.175 1.578 7.104 0.073 8.682 2.392 2 8.3 9.0
4 693.261 0.693 0.193 1.647 8.294 0.077 9.941 2.510 2 9.5 9.2
5 760.386 0.760 0.236 1.808 8.543 0.086 10.352 2.764 2 9.9 9.5
6 827.994 0.828 0.260 1.886 7.425 0.092 9.311 2.825 2 8.9 9.5
7 493.601 0.494 0.141 1.435 4.585 0.060 6.020 2.362 1 5.8 9.0
8 591.932 0.592 0.182 1.614 6.058 0.069 7.672 2.631 1 7.4 9.3
1 1.194 1.194 0.174 1.648 10.350 0.106 11.997 1.640 5 11.5 8.1
2 879.774 0.880 0.187 1.515 9.850 0.085 11.365 2.194 3 10.9 8.8
3 912.835 0.913 0.184 1.581 11.134 0.088 12.716 2.095 3 12.2 8.7
4 750.425 0.750 0.193 1.595 9.741 0.079 11.335 2.433 2 10.9 9.1
5 794.693 0.795 0.192 1.624 10.618 0.081 12.243 2.360 2 11.8 9.0
6 787.486 0.787 0.195 1.758 9.613 0.083 11.371 2.339 2 10.9 9.0
7 907.875 0.908 0.158 1.548 9.303 0.088 10.852 1.789 3 10.4 8.3
8 716.711 0.717 0.146 1.478 11.472 0.075 12.950 1.943 2 12.4 8.5
1 865.614 0.866 0.378 1.963 14.518 0.093 16.481 4.079 1 15.8 11.0
2 767.970 0.768 0.294 1.851 10.706 0.086 12.557 3.435 1 12.1 10.2
3 795.842 0.796 0.324 1.895 13.882 0.087 15.777 3.716 1 15.1 10.6
4 827.474 0.827 0.344 1.866 9.099 0.089 10.965 3.873 1 10.5 10.8
5 898.079 0.898 0.364 1.967 10.001 0.095 11.968 3.847 2 11.5 10.7
6 948.069 0.948 0.351 1.904 12.470 0.097 14.374 3.634 2 13.8 10.5
7 748.050 0.748 0.392 1.938 11.708 0.085 13.646 4.587 1 13.1 11.6
8 775.322 0.775 0.343 1.892 20.424 0.085 22.316 4.047 1 21.4 11.0
1 1.851 1.851 0.389 2.492 19.050 0.185 21.542 2.101 6 20.7 8.7
2 2.228 2.228 0.445 2.666 19.246 0.208 21.912 2.142 7 21.0 8.7
3 1.966 1.966 0.408 2.542 19.414 0.196 21.956 2.080 6 21.1 8.7
4 3.520 3.520 0.595 2.818 32.732 0.352 35.550 1.689 14 34.1 8.2
5 1.879 1.879 0.451 2.534 20.356 0.181 22.890 2.492 5 22.0 9.1
6 2.594 2.594 0.548 2.985 23.353 0.254 26.339 2.154 8 25.3 8.7
7 1.374 1.374 0.445 2.206 23.627 0.131 25.833 3.394 3 24.8 10.2
8 2.096 2.096 0.524 2.425 20.630 0.186 23.055 2.815 5 22.1 9.5
9 1.470 1.470 0.333 1.612 34.632 0.117 36.244 2.845 3 34.8 9.6
1 1.851 1.851 0.389 2.492 19.050 0.185 21.542 2.101 6 20.7 8.7
2 2.228 2.228 0.445 2.666 19.246 0.208 21.912 2.142 7 21.0 8.7
3 1.966 1.966 0.408 2.542 19.414 0.196 21.956 2.080 6 21.1 8.7
4 3.520 3.520 0.595 2.818 32.732 0.352 35.550 1.689 14 34.1 8.2
5 1.879 1.879 0.451 2.534 20.356 0.181 22.890 2.492 5 22.0 9.1
6 2.594 2.594 0.548 2.985 23.353 0.254 26.339 2.154 8 25.3 8.7
7 1.374 1.374 0.445 2.206 23.627 0.131 25.833 3.394 3 24.8 10.2
8 2.096 2.096 0.524 2.425 20.630 0.186 23.055 2.815 5 22.1 9.5
9 1.470 1.470 0.333 1.612 34.632 0.117 36.244 2.845 3 34.8 9.6
9
750ppm
5
6
250ppm
1000ppm
1500ppm
10
11
12
13
14
Cell Protein Analysis 
Raw data for this analysis: 
 
 
 
Sample
Average 
Absorbance
Adjusted 
Average
Cell Protein 
Concentration
BSA1 0.303 0.000 0.0
SBA2 0.473 0.170 0.1
SBA3 0.732 0.428 0.3
SBA4 0.843 0.540 0.6
SBA5 0.989 0.686 0.8
SBA6 1.144 0.841 1.0
S3A 0.384 0.081 0.089
S3B 0.365 0.061 0.068
S4A 0.364 0.060 0.067
S4B 0.340 0.037 0.041
S5A 0.338 0.034 0.038
S5B 0.341 0.038 0.041
S6A 0.343 0.040 0.044
S6B 0.337 0.034 0.038
S7A 0.318 0.015 0.016
S7B 0.319 0.015 0.017
S8A 0.350 0.047 0.052
S8B 0.367 0.064 0.071
S9A 0.302 -0.001 -0.001
S9B 0.307 0.004 0.004
S10A 0.301 -0.002 -0.003
S10B 0.301 -0.002 -0.002
S11A 0.338 0.035 0.039
S11B 0.339 0.036 0.040
S12A 0.343 0.040 0.044
S12B 0.339 0.035 0.039
S13A 0.415 0.111 0.123
S13B 0.415 0.112 0.124
S14A 0.411 0.107 0.119
S14B 0.426 0.122 0.135
Calibration Curve for Cell Protein Calculation: 
 
The table below shows the calculation of the cell protein using the calibration curve.  The equation 
to calculate cell protein concentration can be seen below: 
𝐶𝑒𝑙𝑙 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = 1.106 × 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 
y = 1.106x
R² = 0.9438
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Sample
Average 
Absorbance
Adjusted 
Average
Cell Protein 
Concentration
BSA1 0.303 0.000 0.0
SBA2 0.473 0.170 0.1
SBA3 0.732 0.428 0.3
SBA4 0.843 0.540 0.6
SBA5 0.989 0.686 0.8
SBA6 1.144 0.841 1.0
S3A 0.384 0.081 0.089
S3B 0.365 0.061 0.068
S4A 0.364 0.060 0.067
S4B 0.340 0.037 0.041
S5A 0.338 0.034 0.038
S5B 0.341 0.038 0.041
S6A 0.343 0.040 0.044
S6B 0.337 0.034 0.038
S7A 0.318 0.015 0.016
S7B 0.319 0.015 0.017
S8A 0.350 0.047 0.052
S8B 0.367 0.064 0.071
S9A 0.302 -0.001 -0.001
S9B 0.307 0.004 0.004
S10A 0.301 -0.002 -0.003
S10B 0.301 -0.002 -0.002
S11A 0.338 0.035 0.039
S11B 0.339 0.036 0.040
S12A 0.343 0.040 0.044
S12B 0.339 0.035 0.039
S13A 0.415 0.111 0.123
S13B 0.415 0.112 0.124
S14A 0.411 0.107 0.119
S14B 0.426 0.122 0.135
Confocal 
Raw data from ImageJ: 
0ppm: 
Sr. No.  
Image 
Name Cell No.  
1 3 598 
2 4 1865 
3 5 3030 
4 13 2659 
5 14 2458 
6 9 2962 
7 10 2962 
8 12 2968 
 Average 2437.75 
 SD 840.3813 
 
750ppm: 
Sr. No.  
Image 
Name 
Cell No.  
1 3` 233 
2 4 213 
3 5 201 
4 6 194 
5 7` 148 
6 10 297 
7 15 231 
8 16 260 
 Average 222.125 
 SD 44.80573 
 
  
Honors Abstracts Addendum: 
The purpose of this experiment was to identify if a rhamnolipid could inhibit the growth of 
a biofilm on carbon steel coupons and result in less corrosion activity.  This type of research 
impacts various industries (with one of the largest being the oil and gas industry).  Multiple systems 
with varying concentrations of the rhamnolipid were created to determine, if any, the optimum 
concentration to inhibit biofilm growth.  The systems were created and exposed to optimum 
physio-chemical environments to promote SRB induced corrosion. Coupons were immersed for 
28 days.  Seven systems were created with varying rhamnolipid concentrations; to ensure accurate 
results, duplicates of each system were created.  Due to the complexity of creating samples and 
number of analysis techniques, time was the largest limitation in this experiment. 
The systems were analyzed using a scanning electron microscope, weight loss analysis, 
infinite focus microscope, cell protein analysis, and confocal microscope.  The results confirmed 
that corrosion activity was present in the systems.  It was also established that the addition of a 
rhamnolipid decreased biofilm formation (and therefore corrosion) up to a concentration of 750 
ppm, but accelerated corrosion at concentrations greater than that.  A concentration of 750 ppm 
was identified as the optimum concentration.  
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